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Introduction
In RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum. The WI description [1] highlights the objectives which include physical channel aspects, considering various unlicensed channels, initial access, channel access, scheduling/HARQ issues, and coexistence. 
Similar to the operation of any RAT in an unlicensed spectrum, compliance with regulatory requirements (e.g. for a fair channel access) and coexistence with other incumbent technologies is of high importance for NR operation in unlicensed spectrum. The WI description [1] highlights the need for coexistence within NR-based and between LTE-based LAA and other incumbent RATs in accordance with regulatory requirements in the corresponding bands. 
Considering the agreements made about the scope of NR-Unlicensed operation during RAN1#92 meeting [2], this contribution addresses some aspects of NR procedures that gets affected when an NR device operates in an unlicensed band. We particularly highlight some potential solutions on the topics of initial access, HARQ procedure, gNB/UEs handshaking, and transmission on PUSCH.
Initial access procedure 
Initial access is a essential procedure which includes several areas such as random access and synchronization signal procedures. 
[bookmark: _GoBack]For synchronization signal and NR-PBCH, SS/PBCH blocks are present consecutively per SS burst set for NR licensed band operation. The maximum transmission bandwidths of SS/PBCH blocks are 5, 10, 40 and 80 MHz with 15, 30, 120 and 240 kHz subcarrier spacing correspondingly. Due to channel access failure arising from LBT, the SS/PBCH block locations within a slot may not be optimum for NR unlicensed band operation which may result in performance degradation of SS/PBCH block detection. Uncertainty of channel availability may also have impact on the SS burst configuration such as the periodicity and time-window size of SS burst set. In addition, the OCB requirement is not considered for transmission bandwidth of SS/PBCH blocks which is required for NR-U. SS/PBCH blocks to fulfil LBT and OCB requirement should be considered for NR-U. For example, for efficient SS/PBCH transmission in NR-U, hierarchical multi-stage LBT and SS/PBCH transmission can be considered to reduce the SS/PBCH acquisition delay and enable fast SS/PBCH acquisition. In addition, different channel access classes for SS/PBCH transmission can be considered in NR-U to cope with channel uncertainty in unlicensed spectrum,
For random access, NR supports multiple RACH preamble formats, including long PRACH formats with preamble length 839 and short PRACH formats with preamble length 139. In general, for unlicensed band operation the cell range is smaller than that of licensed band operation due to limited transmission power constraint. During the random access procedure in standalone operation, LBT may need to be performed. Channel access failure arising from LBT could lead to performance degradation of random access performance. Channel access failure arising from LBT before random access transmission may also have impact on the RACH resource configuration. In addition, random access transmission should fulfil the regulatory requirement of OCB. Random access procedure for unlicensed band operation should consider the impact of LBT and the requirement of OCB for NR-U. To cope with channel uncertainty in unlicensed spectrum, preamble power ramping, preamble repetition and multiple preamble transmissions should be jointly considered. Multiple RAR transmissions could be considered to reduce the impact of channel uncertainty in unlicensed spectrum.
In NR unlicensed spectrum system, LBT is required to be performed before transmission. When 4-step random access procedure is used in NR unlicensed spectrum, the corresponding LBT needs to be performed for each step. The overhead associated with LBT operations may need to be considered. Since more LBTs are needed, the overhead associated with LBT is higher. In addition, the delay of random access due to LBT operations may need to be considered. LBT is required to be performed for each step, the delay caused by LBT could be larger. The chance that the transmission is delayed due to channel access failure arising from more LBT could be higher. Thus, reducing the number of steps for random access procedures is beneficial for unlicensed spectrum and should be considered in NR-U system. If the number of steps for random access is reduced, the number of required LBTs is also reduced, and the corresponding delay and overhead for random access can be mitigated and reduced. Therefore, 2-step random access should be considered to be supported for NR-U.
Proposal 1: Initial access should be studied for NR unlicensed spectrum by taking into account LBT and OCB requirements.
Proposal 2: Different channel access classes for SS/PBCH transmission should be considered in NR-U.
Proposal 3: For random access in NR-U, multiple RAR transmissions could be considered to reduce the impact of channel uncertainty in unlicensed spectrum.
Proposal 4: NR-U should consider to support 2-step random access.
In the companion contributions [3,4], we have discussed in more details above-listed possibilities and proposals.
HARQ procedure
Due to uncertainty in channel access, transmissions may have to be delayed when the channel is occupied during the operation of an NR-U device. For standalone or dual connectivity deployments, this means the HARQ-ACK transmissions may be delayed when the channel is occupied. Figure 1-a shows an example of shared channel occupancy time (COT) with one DL/UL switch. In this example, the last UL transmission may include PUSCHs which are not acknowledged during the first COT. The gNB, after performing an LBT procedure again, secures a second COT within which HARQ-ACKs for the last PUSCH in the first transmission opportunity may be carried. For this operation, the gNB and the UEs may need to maintain the buffers to keep the corresponding receive/transmit transport blocks. Due to the non-deterministic duration between the two transmission opportunities, there would be additional complexity and ambiguity for the UE and gNB. In an alternative method, the HARQ-ACK transmissions may be included in the same COT, i.e. in a self-contained COT. As shown in Figure 1-b, one or several symbols of the last slot of the transmission opportunity is used to carry acknowledgement. 



[bookmark: _Ref503354749]Figure 1: Example of HARQ-ACK transmission within a transmission opportunity
To enable self-contained transmission, the gNB and UEs need to prepare HARQ-ACK transmissions within a short time. In the case of DL data and UL HARQ-ACK transmissions, the UE may need to process the received DL data and transmit HARQ-ACK feedback within certain duration. To keep the COT transmission self-contained while provides UE enough process time, the last several OFDM symbols in the DL transmission may be carefully designed such that HARQ-ACK transmissions can be included in the COT.

Proposal 5: Self-contained COT should be studied in standalone and dual connectivity scenarios for NR operation in unlicensed bands.
gNB/UE handshaking
During unlicensed channel access, there would be competing wireless devices attempting to access the channel. The relationships between the competing devices can be categorized as below (see Figure 2):


Figure 2: Two competing RATs in an unlicensed channel: an NR-U gNB with multiple UEs, and another RAT with its associated devices.
· The competing devices are various RATs, where the detection of usage of the unlicensed channel by one device can mostly be possible by energy detection. This means that an NR-U device can detect the usage of the channel by energy detection and vice versa other devices can detect the usage of the channel by an NR-U device only by energy detection. This situation is shown in Figure 1, when RAT1 is a RAT other than NR-U, such as an LTE-based LAA, 802.11ac or 802.11ax.
· In the second case the competing devices are NR-U gNBs/UEs. The detection of usage of the unlicensed channel by such device can also be done by detecting some of the NR signaling. This situation is shown in Figure 1, when RAT1 is also an NR-U device. In this situation, a gNB and its UEs may detect the presence of another competing gNB and can infer channel usage information in order to enhance channel access efficiency. 
· Another distinction comes when RAT1 is also an NR-U device and happens to belong to the same entity/operator as the NR-U gNB shown in Figure 2. In such case, the two NR-U devices belonging to the same entity may be capable of cooperatively using the unlicensed channel if some additional information exchanged.

For instance, once an NR-U gNB accesses the channel after a successful LBT procedure, the gNB can transmit one or more NR slots up to the MCOT duration. During this period, a gNB can send the DL data via the PDSCH to UEs or schedule UL data via the PUSCH for UEs. However, due to the LBT requirement, there is no guarantee that a UE can make a use of a scheduled PUSCH resource, and it is not guaranteed that a UE can send the corresponding HARQ feedback for a received transport block (TB). This is because the UE should perform LBT at its side before transmitting any signal. Due to this situation, it would be best if the gNB acquires some knowledge of the conditions of the channel activity surrounding the UEs before engaging in the DL data transmission or scheduling an UL data transmission.  
Due to the enhancements that a handshaking mechanism can offer when competing devices are NR devices (such as the second and third categories above), it is worthwhile that during the NR-U SI possible handshaking mechanisms to be studied. For instance, a basic handshaking mechanism among 802.11 devices, referred to as RTS/CTS, has been in place for a while and it is proven that when channel usage is high it is best to turn it on to avoid possible collisions due to hidden devices etc. 

We believe that NR-U SI should study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs. The handshaking between a gNB and one or multiple UEs may happen at the beginning of a COT and may be repeated with the same of other UEs afterwards with the COT.

Proposal 6: NR should study ways to perform handshaking among NR-U gNB and UEs to enhance channel access efficiency. 
The benefits of such handshaking is multifold: 
a) A gNB may start the handshaking process with a UE to gather the knowledge of availability of the unlicensed channel at the UE side. After the handshaking, if an LBT process is completed usefully at the UE side, the gNB would know the availability of the unlicensed channel at UE side. This is helpful in UL transmission situation, where the gNB plans for an upcoming PUSCH scheduling. 
b) A gNB may start the handshaking process with a UE to ensure low or no interference at the UE side, e.g. for DL transmission where it’d help the gNB to schedule for the DL transmission with the condition of the UE in mind. 
c) Above benefits can be extended beyond a pair of gNB/UE, and it’d be helpful for competing NR-U devices that happen to be within the vicinity of each other and operate in a portion or whole of the same unlicensed channel. Such handshaking allows the NR-U devices to gain knowledge of the channel use by a competing NR-U device and to defer accordingly, enhancing coexistence among the competing NR-U devices.
d) This coexistence can be upgraded to cooperation between one set of NR-U gNB/UEs and another set of NR-U gNB/UEs that both happen to belong to the same entity/operator.

An example of such handshaking is shown in Figure 3, where the handshaking starts right after completion of an LBT process successfully. However, the same or a similar handshaking may happen within a COT between the gNB and the same or other UEs. The handshaking starts with the gNB sending a request to the UE or set of UEs. And after a possible scheduled suspension of transmission by the gNB (e.g. X symbols), the intended UE(s) that happen to complete an LBT process successfully respond to the gNB. Note that to enable the above-listed benefits, particularly (c) for coexistence and (d) for cooperation, the gNB may send the request in two parts where one part may be detected and decoded by competing/cooperating NR-U devices which helps them e.g. to enhance the efficiency of their channel access among others. Likewise, the responding UE(s) may send the response in two parts where one part may be detected and decoded by competing/cooperating NR-U devices for the same reason as above.


Figure 3: An example of handshaking between a gNB and UE(s)

Considering the possibility of deployments where large number of the competing devices within an unlicensed channel are NR-U devices, and based on above-listed benefits, we propose that NR-U SI to study the possibility of some information to facilitate and increase efficiency of channel access among the competing NR-U devices. 
Proposal 7: NR should consider the possibility of information exchange among competing and cooperating NR devices operating in unlicensed bands.
Procedures for PUSCH
Consider an NR-U gNB accesses an unlicensed channel after successfully performing an LBT procedure and has established a COT and plans for one or multiple PUSCH resources throughout the COT. 
· The PUSCH may be used for grant-based (GB) access where the PUSCH is assigned to a UE. In this situation, to transmit its pending TB, the UE does not compete with other UEs that are connected with the gNB. However, the UE may need to perform an LBT procedure, e.g. CAT-2. However, if the channel is not idle at the UE side and consequently the LBT is unsuccessful, the UE cannot transmit at the PUSCH resource that has been assigned and the resource is going to be left unused. 
· The PUSCH may be used for grant-free (GF) access where the PUSCH is assigned to possibly multiple UEs (and depending on whether it is Type-1 or Type-2 GF access, the UEs are either informed via RRC configuration or via a preceding PDCCH). In this case the UE does compete with other UEs that are connected with the gNB. Therefore, the UE need to perform LBT in order to coexist with: (1) competitors such as inter-RAT devices and intra-RAT devices that are not connected with the same gNB, and (2) internal competitors such as the UEs that are also allowed to use the GF resources. Therefore, while it is likelier that at least one UE performs LBT successfully and therefore gets the chance to transmit on the PUSCH resource assigned for a GF transmission, there is also a likelihood that more than one UE (after a successful LBT procedure) attempt to transmit on the GF resource and as consequence there would be collision of two or more UEs on the GF resource.

Given above trade-off between, we believe that a mechanism should be considered for resolving the contention among multiple UEs attempting to access the same GF PUSCH resource.  

Proposal 8: A mechanism should be considered for resolving the contention among multiple UEs attempting to access the same GF PUSCH resource.

Summary
In this contribution, we discussed some details about a few NR procedures that require changes due to operation in unlicensed bands including initial access, HARQ procedure, gNB/UEs handshaking, and transmission on PUSCH. In the following, above-discussed proposals are listed:
Proposal 1: Initial access should be studied for NR unlicensed spectrum by taking into account LBT and OCB requirements.
Proposal 2: Different channel access classes for SS/PBCH transmission should be considered in NR-U.
Proposal 3: For random access in NR-U, multiple RAR transmissions could be considered to reduce the impact of channel uncertainty in unlicensed spectrum.
Proposal 4: NR-U should consider to support 2-step random access.
Proposal 5: Self-contained COT should be studied in standalone and dual connectivity scenarios for NR operation in unlicensed bands.
Proposal 6: NR should study ways to perform handshaking among NR-U gNB and UEs to enhance channel access efficiency. 
Proposal 7: NR should consider the possibility of information exchange among competing and cooperating NR devices operating in unlicensed bands.
Proposal 8: A mechanism should be considered for resolving the contention among multiple UEs attempting to access the same GF PUSCH resource.
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